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SHORT REPORT
Using rangefinder binoculars to measure the behaviour and movement of
European Shags Phalacrocorax aristotelis in coastal environments
M. Heala, B. A. Hooverb and J. J. Waggitta
aSchool of Ocean Sciences, Bangor University, Isle of Anglesey, UK; bSchmid College of Science and Technology, Chapman University, Orange,
CA, USA
ABSTRACT
Human activity and development in coastal environments can pose threats to pursuit-diving
seabirds. This study demonstrates that rangefinder binoculars can be used to provide useful
measurements of the behaviour and movement of European Shags Phalacrocorax aristotelis in a
small coastal area.
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In marine and coastal environments, human activity
and developments can be in direct conflict with
seabird activity (Dias et al. 2019). Pursuit-diving
seabirds are particularly vulnerable to these potential
conflicts in coastal environments, as they spend
considerable amounts of time on, or beneath the
water’s surface when foraging (Waggitt & Scott 2014).
Foraging seabirds can be negatively impacted by
human activity via recreational vessels disturbing or
preventing access to feeding areas (Velando & Munilla
2011), and/or fishing vessels accidentally injuring or
killing birds in nets and with hooks (Christensen-
Dalsgaard et al. 2019). There are also negative impacts
associated with emerging developments such as
marine renewable energy, particularly the risks of
diving birds colliding with moving components of
tidal stream turbines (Wilson et al. 2007) and flying
birds colliding with offshore wind turbines (Drewitt &
Langston 2006). Information on bird behaviour and
movement in marine areas where threatening activities
and developments occur can be used to identify and
mitigate risk. For example, information on altitude
and speed has been used to quantify the risk of flying
seabirds colliding with moving components of
offshore wind turbines (Cleasby et al. 2015). As many
human activities and developments in coastal
environments occur at small and specific locations
(Carter 2013), and as foraging strategies could differ
between locations and species (Waggitt et al. 2017),
fine-scale and site-specific information on bird
behaviour and movement is needed.
Collecting information on seabird behaviour and
movement in small and specific locations is
challenging. While biologgers (or ‘tags’) can record
sub-surface and surface seabird behaviour and
movement (reviewed by Ropert-Coudert et al. 2010),
tags cannot record a behaviour unless programmed to,
and it is often unknown where birds will travel once
tagged. Currently, if we want to quickly investigate
bird behaviour at a specific site, we cannot assume
that biologgers will collect relevant data, as without
prior research there is no guarantee a tagged bird will
even travel to the study site. As biologgers are often
attached to birds at their breeding colonies, tag
deployment depends on there being accessible
breeding colonies near the area of interest, which also
cannot be guaranteed. In addition to biologgers, sonar
(Williamson et al. 2015) and radar (McCann & Bell
2017) technologies have also been used to record sub-
surface (via sonar) and surface (via radar) bird
behaviour and movement in locations of interest.
However, sonar is susceptible to acoustic interference
from turbulence (Fraser et al. 2017), and radar is
affected by sea-clutter (McCann & Bell 2017),
potentially preventing the detection and tracking of
birds in many scenarios. Moreover, neither sonar nor
radar can currently discriminate among species, and
have associated infrastructure (e.g. electronics,
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moorings, mountings and power supplies) which limit
their wider application. Ideally, methods that record
bird behaviour and movement should minimize
environmental interference, discriminate between
species, enable rapid implementation and be widely
applicable.
Adaptations of traditional observational approaches
may provide solutions to gaps in current seabird
behaviour and movement methodologies. Solutions
include the use of hand-held binoculars together with
a laser-rangefinding device (i.e. Ornithodolite), or the
use of binoculars that contain a means of measuring
bearings/reticles in the eyepiece (i.e. rangefinder
binoculars). The potential for an Ornithodolite to
record information on bird behaviour and movement
at small and specific locations has already been shown
(Cole et al. 2018). However, although rangefinder
binoculars have been used to record bird behaviour
(Sponza et al. 2010), their suitability for recording
bird movement remains untested. Compared to an
Ornithodolite, rangefinder binoculars are easily
available, portable, and relatively affordable, making
them the more accessible of the two approaches.
Therefore, this study investigated whether rangefinder
binoculars can provide useful measurements on the
behaviour and movement of a diving seabird in a
small and specific location. The European Shag
Phalacrocorax aristotelis was chosen to test our
method because it is a pursuit-diving seabird
commonly found in European coastal areas (Wanless
& Harris 2004).
A single person performed 39 surveys (2–6 h, total =
160 h) between 26th May and 17th August 2018.
Opticron™ Marine-2 (7×50) binoculars were used
from a vantage point (VP) approximately 5 m above
sea level on the coastline opposite Ynys Moelfre,
Anglesey, UK (53.3523° N 4.2373° W) (Figure 1). This
person was able to observe birds in a westerly,
northerly and easterly direction from the VP.
Recordings started when a bird was seen landing or
sitting on the sea surface; recordings were never taken
when a bird was in flight or ashore. A time (GMT),
distance (m) and bearing (°) to the bird were taken
every time it surfaced or dived. If the bird was not
actively diving or surfacing (i.e. was sitting on the
surface), time, distance, and bearing were instead
recorded at 1 min intervals until the bird resumed
diving. The distance and bearing were recorded using
the reticles and compass in the eyepiece, respectively
(Figure 2). The distance was estimated using formula 1:
Distance = Height × 1000
Mils
(1)
where Height is the VP altitude (m), and Mils (mm) is
the measurement from the horizon to the bird in the
eyepiece. Bearings were recorded to the nearest 0°,
and Mils were recorded to the nearest 2.5 mm. To
increase the accuracy of distance calculations, the
VP altitude was adjusted according to the tidal state
(difference from mean water depth, m) at the time
of observations. This adjustment increased and
decreased the VP altitude depending on whether
observations occurred nearer low or high water,
respectively. The tidal state was provided at 1 h and
50 m resolution, represented the mean value up to
2 km from the VP, and was sourced from an
existing TELEMAC hydrodynamic model (Robins
et al. 2014).
Recordings continued until the bird flew out of the
study site, was not relocated after a dive, or had
moved out of sight (e.g. behind the island or a bend
in the coastline). The distances and bearings recorded
in the field, together with the VP coordinates, were
later converted to coordinates to estimate the
geographic positions of birds monitored within the
study site. Only solitary birds were monitored, so that
Figure 1. The location of the study site in Anglesey, UK (A–B). The vantage point was located approximately 5 m above sea level on
the coastline opposite Ynys Moelfre (C). Both the study site and vantage point are indicated by a black circle in the appropriate map.
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they could be tracked with confidence. When several
solitary birds were present, individuals closer to the
VP were given priority. Birds were not tracked during
adverse weather (i.e. Beaufort scale >3 or heavy
precipitation).
In total, 70 birds were observed during the surveys.
Of these, 54 birds were observed for more than
10 min (mean = 16 min 28 s, total = 19 h 13 min).
Estimated positions were between 18 and 1492 m
from the VP. The resolution (defined as the maximum
difference between potential positions) of each
estimated position was calculated based upon the
accuracy in the measurement of Mils (± 2.5 mm).
Calculations showed that the resolution of positions
was <1–1632 m, depending upon the tidal state at the
time of observation and the magnitude of the distance
between the bird and the observer. However, the
resolution of positions was usually <100 m (75% of
observations), regularly <50 m (61%) and often <10 m
(43%). Therefore, it was decided to constrain
measurements of bird behaviour and movement to the
30 birds where the resolution of positions was always
<50 m and regularly <10 m (62% of observations).
These 30 birds were observed at calculated distances up
to 320 m from the VP, resulting in an effective study
site coverage of approximately 0.26 km2 (Figure 3).
Several metrics of bird movement were calculated for
each bird: the area covered per minute (m2 min−1), the
relative time underwater (%), dive intensity (dives per
min), the mean dive length (s), the maximum dive
length (s) and the repeatability of dive lengths. The
area covered (m2) was estimated using minimum
convex polygons (MCP), performed using the ‘mcp’
function in the ‘adehabitat HR’ package (Calenge
2006) in R 3.5.1 (R Core Development Team 2018).
While estimates from MCP are considered suspect in
home-range analyses (Borger et al. 2006), these
approaches were considered suitable for simple
Figure 2. Example of the internal view provided by rangefinder
binoculars, illustrating vertical axis reticles used to determine
distance from the observer to the bird, and horizontal axis to
record a compass bearing (0–360°) from the observer to the
bird.
Figure 3. Calculated positions of 30 European shag Phalacrocorax aristotelis alongside Ynys Moelfre, Anglesey, UK (A). Also shown are
examples of recorded behaviour and estimations of area covered per minute (m2 min) for 2 of these 30 birds (B and C). Behaviour and
movements of birds were recorded and calculated, respectively, using rangefinder binoculars from a vantage point ∼5 m above mean
sea level. Minimum Convex Polygons (MCP) approaches were used to estimate the area covered.
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calculations of the area covered in a small survey site.
The area covered was then divided by the duration of
the observation (min), providing the area covered per
minute. The use of area covered per minute, rather
than only area covered, was to account for birds that
were tracked for different lengths of time. Mean and
maximum dive lengths were provided directly from
observations. The relative time underwater was
calculated by dividing the total duration of dives
(min) by observation time (min), whereas dive
intensity represented the number of dives divided by
the duration of the observation (min). Repeatability
(R) in dive duration was represented using the
coefficient of variance (CV) in measurements and was




where μ is the mean dive length and σ is the standard
deviation of dive length. Values of R closer to 0 would
indicate higher repeatability. All metrics are presented
as mean ± standard deviation hereafter.
The metrics detailed above provided useful
information on the movement of European Shags
around Ynys Moelfre (Figure 4). Birds covered an area
of 376 ± 846 m2 per min, however, most birds (20/30)
covered less than 250 m2 per min, which is
considerably smaller than the study site (0.26 km2).
Figure 4. Summary of recorded behaviour and calculated movement of 30 European shag Phalacrocorax aristotelis alongside Ynys
Moelfre, Anglesey, UK. Behaviour and movement were recorded and calculated, respectively, using rangefinder binoculars from a
vantage point ∼5 m above sea level.
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Birds showed relatively similar mean dive durations
(41.89 ± 11.45 s), maximum dive duration (65.43 ±
22.27 s) and dive duration repeatability (0.32 ± 0.20).
Birds were frequently diving, with 1.02 ± 0.32 dives
per minute and 68 ± 15% of their time spent
underwater. In summary, most birds concentrated
their activities in relatively small areas, performing
dives of consistent duration, and performing dives at
frequent intervals. While information on sub-surface
bird movement is needed for confirmation, above-
surface bird movement is indicative of concentrated
searches for fish and invertebrate prey on the seabed
(Watanuki et al. 2008).
Although bird behaviour and movement can be
recorded via biologgers, rangefinder binoculars can
offer a more affordable, site-specific and rapid means to
gather similar data. Rangefinder binoculars could be
used to identify areas where birds are most vulnerable
to human activities and development, e.g. proposed
marine renewable energy sites. Caveats associated with
rangefinder binoculars need acknowledging; in
particular, the resolution of calculated locations will be
coarse at low altitude and/or when birds are seen far
away from the VP (over 350 m), and locations cannot
be calculated without a clear view or approximation of
the horizon. The possibility of recording movements of
the same solitary bird numerous times across different
surveys also creates possible non-independence amongst
samples, whereas discriminating between individual
birds in dense aggregations is challenging. Nevertheless,
as rangefinder binoculars are portable, easily available
and relatively affordable, they provide a potential means
to rapidly gather useful and timely information across
numerous locations in coastal environments.
Acknowledgements
We thank Marco Piano for providing hydrodynamic model
outputs. Hydrodynamic models were made possible by High
Performance Computing (HPC) Wales (a collaboration
between Welsh Universities, the Welsh Government and
Fujitsu), the British Oceanographic Data Centre (BODC),
the UK Hydrographic Office (UKHO), and the EDINA
Marine Digimap Service. We thank Ian Hartley and two
anonymous reviewers for their invaluable and constructive
comments on earlier versions of this manuscript.
Funding
This project was supported by the Natural Environment
Research Council (NERC)/Department for Environment,
Food and Rural Affairs (Defra) funded Marine Ecosystems
Research Programme [MERP: NE/L003201/1] and the
Sustainable Expansion of the Applied Coastal and Marine
Sectors (SEACAMS2) research project [grant number:
80366]. The latter is part funded by the European Regional
Development Fund (ERDF) through the Welsh European
Funding Office (WEFO) and the Higher Education Funding
Council for Wales (HEFCW).
References
Borger, L., Franconi, N., De Michele, G., Gantz, A., Meschi,
F., Manica, A., Lovari, S., & Coulson, T. 2006. Effects of
sampling regime on the mean and variance of home
range size estimates. J. Anim. Ecol. 75: 1493–1405.
Calenge, C. 2006. The package adehabitat for the R software:
tool for the analysis of space and 149 habitat use by animals.
Ecol. Modell. 197: 516-519.
Carter, R. 2013. Coastal Environments: an introduction to the
physical, ecological and cultural systems of coastlines.
Academic Press, London, UK.
Christensen-Dalsgaard, S., Anker-Nilssen, T., Crawford,
R., Bond, A., Sigurðsson, G.M., Glemarec, G., Hansen,
E.S., Kadin, N., Kindt-Larsen, L., Mallory, M., Merkel,
F.R., Petersen, A., Provencher, J. & Bærum, K.M. 2019.
What’s the catch with lumpsuckers? A North Atlantic
study of seabird bycatch in lumpsucker gillnet fisheries.
Biol. Conserv. 240: 108278.
Cleasby, I.R., Wakefield, E.D., Bearhop, S., Bodey, T.W.,
Votier, S.C. & Hamer, K.C. 2015. Three-dimensional
tracking of a wide-ranging marine predator: flight heights
and vulnerability to offshore wind farms. J. Appl. Ecol. 52:
1474–1482.
Cole, E.-L., Waggitt, J.J., Hedenstrom, A., Piano, M.,
Holton, M.D., Börger, L. & Shepard, E.L.C. 2018. The
Ornithodolite as a tool to quantify animal space use and
habitat selection; a case study with birds diving in tidal
waters. Integr. Zool. 14: 4–16.
Dias, M.P., Martin, R., Pearmain, E.J., Burfield, I.J., Small,
C., Phillips, R.A., Yates, O., Lascelles, B., Borboroglu,
P.G. & Croxall, J.P. 2019. Threats to seabirds: a global
assessment. Biol. Conserv. 237: 525–537.
Drewitt, A.L. & Langston, R.H.W. 2006. Assessing the
impacts of wind farms on birds. Ibis 148: 29–42.
Fraser, S., Nikora, V., Williamson, B.J. & Scott, B.E. 2017.
Automatic active acoustic target detection in turbulent
aquatic environments. Limnol Oceanogr: Methods 15:
184–199.
McCann, D.L. & Bell, P.S. 2017. Visualising the aspect-
dependent radar cross section of seabirds over a tidal
energy test site using a commercial marine radar system.
Int. J. Mar. Energy 17: 56–63.
R Core Team. 2018. R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria.
Robins, P.E., Neill, S.P. & Lewis, M.J. 2014. Impact of tidal-
stream arrays in relation to the natural variability of
sedimentary processes. Renew. Energy 72: 311–321.
Ropert-Coudert, Y., Beaulieu, M., Hanuise, M. & Kato, A.
2010. Diving into the world of biologging. Endanger.
Species Res. 10: 21–27.
Sponza, S., Cimador, B., Cosolo, M. & Ferrero, E. 2010.
Diving costs and benefits during post-breeding
movements of the Mediterranean shag in the North
Adriatic Sea. Mar. Biol. 157: 1203–1213.
BIRD STUDY 5
Velando, A. & Munilla, I. 2011. Disturbance to a foraging
seabird by sea-based tourism: implications for reserve
management in marine protected areas. Biol. Conserv.
144: 1167–1174.
Waggitt, J.J., Robbins, A.M.C., Wade, H.M., Masden, E.A.,
Furness, R.W., Jackson, A.C. & Scott, B.E. 2017.
Comparative studies reveal variability in the use of tidal
stream environments by seabirds.Mar. Policy. 81: 143–152.
Waggitt, J.J. & Scott, B. 2014. Using a spatial overlap
approach to estimate the risk of collisions between deep
diving seabirds and tidal stream turbines: a review of
potential methods and approaches. Mar. Policy. 44: 90–99.
Wanless, S. & Harris, M.P. 2004. European Shag. In Mitchell,
P.I., Newton, S.F., Ratcliffe, N. & Dunn, T.E. (eds) Seabird
Populations of Britain and Ireland, 146–159. T. A. and
Poyser, London, UK.
Watanuki, Y., Daunt, F., Takahashi, A., Newell, M.,
Wanless, S., Sato, K. & Miyazaki, N. 2008. Microhabitat
use and prey capture of a bottom-feeding top predator,
the European Shag, shown by camera loggers. Mar. Ecol.
Prog. Ser. 356: 283–293.
Williamson, B.J., Blondel, P., Armstrong, E., Bell, P.S.,
Hall, C., Waggitt, J.J. & Scott, B.E. 2015. A self-
contained subsea platform for acoustic monitoring of the
environment around marine renewable energy devices –
field deployments at wave and tidal energy sites in
Orkney, Scotland. IEEE J. Oceanic Eng. 41: 67–81.
Wilson, B., Batty, R.S., Daunt, D. & Carter, C. 2007.
Collision risks between marine renewable 193 energy
devices and mammals, fish and diving birds. Report to
the Scottish Executive by 194 Scottish Association for
Marine Science.
6 M. HEAL ET AL.
